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Abstract-The basic principles of construction of bubble hydrodynamics are formulated, and the 
hydrodynamic equations for a bubble liquid are obtained in [l]. The fluxes involved in the conservation 
laws have components invariant under the Galilei transform. The present paper is a continuation 
of [l] and proposes a hydrodynamic theory of bubble liquid without the invariant fluxes. In this 
sense, uniqueness of the equations of motion based on the principles presented in [l] is determined. 
The dispersion relation characterizing sound vibrations is limiting for the dispersion relation from [ 11. 
Irreversible fluxes of the dissipative model do not differ from the fluxes obtained in [l]. 
Keywords-one-velocity bubble hydrodynamics, Oscillations of the bubble medium. 
6. EQUATIONS OF MOTION 
The expression 
is a result of combining the conservation laws and the first law of thermodynamics in [l). For 
the isotropic bubble medium, it must be satisfied identically by the choice of Q” and t. The 
nonlinear hydrodynamic model of bubble medium which was formulated earlier on is characterized 
by the nonzero value of the invariant part of the energy flux vector Q”. One can formulate a 
hydrodynamic theory in which there is no chosen direction determining the vector Q”. Actually, 
using the eauation 
ax 
- = -&(v&a&vi) - & ai@ - t) at P 
from expression (1) at Q” = 0, we obtain 
= 0. 
As X = div v # 0, we have 
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Determining in this way the invariant part of the tensor of momentum flux density [l], we obtain 
a formulation of the hydrodynamic model 
aP z +divpv = 0, g + div Jv = 0, $$ + div Sv = 0, 
(2) 
The system admits that the energy conservation law 
$ +div 
K 
E+p--($ >I v =o 
is satisfied identically. 
7. DISPERSION RELATION 
Small perturbations in the density pi, pressure pi, and velocity v from the corresponding 
equilibrium values of p,p are described by the system of equations 
(3) 
Excluding pl and pi, we obtain the equations determining variation in the velocity vector 
v = Vexp i(kx - wt) 
in the sound wave 
The pm-exponential vector satisfies the equation 
w2V - $k(V, k) + ;w’k(V, k) = 0. 
The algebraic equation has the solution, when the dispersion relation 
w2 _ dPk2 + rw2k2 = 0 
ap P 
is valid. For the wave speed u = w/k, we have 
u=@/+ 
The spectral relationship obtained is a particular case of the spectral relationship in [l] at wi = 00. 
8. IRREVERSIBLE FLUXES 
Irreversible fluxes are introduced into the hydrodynamics of (2) conventionally, by entering the 
corresponding irreversible fluxes into equations (2): 
$ + div j = 0, $+div(D+L) =0, ’ g + dk(nik + A&) = 0, 
dE 
z+div(Q+W)=O, 
R 
g+div (F’+;-GL) =5;. 
Repeating the procedure of combination of the equations presented, we obtain the following 
form of the dissipative function: 
R = -;VT -LTV; - X&k [Ui- y], 
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from which it is clear that irreversible fluxes do not differ from the fluxes of the dissipative 
model [l]. 
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